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Zel‘dovich‘ Y2, Be

TITLE ' ~ The tneory ©of Instable States

PERIODICAL:V ~Zhﬁfnal ekspérimental‘noy'i heoreticheskoy f£iziki, 1960,
vol. 39, NOe 3(9), PP~ 776~180 p
deca/
d

TEXT: Exponentially danped gtates guch. ag gccur in alpha y are de-
gorived oy 2 compleX energy value ge imaginary part indicates
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e B006/B056
: AUTTIORS » Zel'dovioh, Ya. Bes PerelomoV, Ao M.
PITLE: rhe Effect, of Weak Inberastlon /Upon the E}e‘cti'omagn_etic ]

Properties’}\of Particles ; :
PERIODICAL:' ,Zhurnai ekepefimental‘noy i teoreticheskoy fiziki, 1960,
Yol. 39, No- 4(10), pP- 1115 - 1125 ot

- _ TEXTs 14 was the purpose of the present work to investigate the contri-

s pution made Y weak particle interaction to electromagnetic interaction.

In the sntroductions tpe problem & guch is discusseds and the contents

of the paper ig given. In gection 2, the graphs (Figs- 1-6) which make 8

contribution to the electromagnetic properties of the peutrino, the -

leptons (e and }.y), and the paryons &reé investigated; the contributions y
or

: gtudieds: that of four-fermion interaction and that of the intermediate,
heavys charged ¥-boson. In geveral casesd) the order of g is8 reduced vy the
introduction of the X~-b R RS - the affect is increesed. 1p section 3
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Electromagnetio'Propertien of Particled BOQ6/B056

the general electromagnetic properti from the Lorentz and
gradient invariances of the theory, from the probability and the theory
of universal weak interaction;,uﬂd from the theory of the two-component
neutrino areé dealt with. 1n section 4, the interaction within the frame-
work of the perturbation theory. is investigated, and the order

‘magnitude of the divergence of the integrals obtained is determined. The
characteristic electromagnetic properties of the particles are pumerically
estimated. In the casé of baryons; one assumes that strong interaction
replaces weak interaction already at momenta of the order of M (¥ -

n'n
nucleon pass ). In gection 9 the experimentally observable pa:ticle
gcattering effects are discussed, especially the polarization of
particles in the gcattering plane, because this effect is related to
parity non~¢onservation. Heutrino scattering by nuclei as well as tue

effects of new electromagnetic proper re dis-
cussed. Section 6 deals with the problem of the possible modification® of
the initisl assump k interaction, by adding the derivative of
the neutral currents 10 the ordinary derivative of the chargé currents.
The conditions under which the additional term does not lead to a decaYy
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and cannot be observed experimentally', are gt\\gdied, as well as the effects
which are due to the scattering of electrons'\' y protons. The authors thank
A. M. Brodskiys G. M. Gandel ‘man, B, L. 1offg, L. B. Okun', and

Boo B e

3. Mo S0
K. A Ter-Martirosyan for discussions. Ya. A morodinskiy, A.I.Akhiyezel,
“ 1., N. Rozentsveyg, and I. M. Shmushkevich are mentioned. There are
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N 240900 |
' AUTHOR: L8 saitont:
TITLE: -.The Dipole Moment of Inatable Elementary pParticles

PERIODICAL: Zhurnal eksperimental'noy i teoreticheekoy.fiziki, 1960,

Yol. 39, No- 5(11), pp. 1483 - 1485 .
_QELT: The conclusion following from the theory of combined inversion of

i L~;_D-.’.La.nda.u1that»:the elementaryparticles possess 1O dipole moment cannot be ~
. applied to instable par’oiclee; this is shown in the present npetter %o
the Editor". If 8 particle with spin and dipole moment 18 congidered _

“the ¥i is i .t ig obvious that there is 1O f-invari- _

ant relation, and congidering the effect of the reversion O
axis to an instable particle (that omits particled and_spontaneously

transmutes into an other,partiole) one can see &b onoe that this proof

of the nonexistence of dipole moments can not be applied to 8
ticles. In order to examine the relationship petween 3
particles and the dipole moment the author considers the
of a neutral spin-1/2-particle: po= B + C end 4010 + EC. The first
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the results of & previous work (Re£.5) it can be shown that the viola-
tion of parity,(assumed to be necessary foTr this reaction) together

with the congervation of the p-invarisnce in the inastable particle
Hamiltonian leads to the appearance of a dipole moment that is to an
gpparent~violation of the T-~invariance. This result agrees with that of _
von Behrends (Ref.4) who investigated the decays /L =1n + ¥ ena A=p+7. §
He also ended up with a solution having terms that apparently contra- '
dict the T-invariance'dieregarded the T-invariance of the applied
Hamiltonian. There are 4 references: 2 goviet and 2 US.

reaction is assumed to be a virtual and the second & Teal decay. Using ‘
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- AUTHOR: __zel!dovich, Ya, B.

TITLE: The Form Factor of K,; and K,y Decays
PERIODICAL: Znurnal eksperimental'ndy' i teoreticheskoy fiziki, 1960,
. Yol. 39, No. 6(12), pp- 1766-1769 : ‘

TEXT: The decay of a K-mesoﬁ into a pion and ",two leptons maey be ascribed

to the weak four-fermion interaction with AS = 1. In this case, the decay

proceeds via an intermediate state of a baryon-antibaryon pair. The
momenta of the K-meson and the pion (pK, pn) are small compared to the

baryon ma.s'ses Mg. Henace, ‘the velocities of the K- and n-mesons 8are agsumed

to be the oharacteristic quantities. In the rest syates of the K-meson,
the pion can reach a velocity of 0.87c. The author di sousses B hypothesis

according to which the four-veloolty of K- and n-mesons Uy un) enters

symmetrically into the expression for the matrix element of the interaction
‘petween K- and n-megons and the lepton current. Ag usual, the matrix
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ess is formulated by i = Zva“'pe?f‘a(”a‘s)"’v' The
are symmetrically jntroduced into this relation. The
which corresponds to this hypothesis,

a] . The form factoT ¢ depends

element of the ?roc

velocities Uy and v
or the vector current,

expression'f
reads as follows: v, = 9(-uKun) [uxa +u

i.e., the product Ugl.e U, = pKa/mK w = pna/mn' .OK;

hat the divergence of the vector

on the invariant,
The conclusions %0 be drawn from the fact t
current,vanishes are studied for these formulations. It is shown that
divve=20 holds only in the approximation of the igotopic invariance

(that is to 8ays i the same massis assumed for charged and neutral pions).
The assumption of div V = 0 and Jifferent masses of nt and 7° (as done by
Weinberg et al. - Ref. 2 - and Marshak et al. = Ref. 3) leads to gertain
difficulties, e.g., 80 jnecorrect expression for the “e} vector current..

ed by G. Y. Gandel'man and the conclusions

Finally, the results obtain
to be drawn from the above—deacribed hypothesis for the reaction

Kf—>p+nzx—9p +.; + e

* +v—én° + et + v
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AUTHORS: zelidovich, Ya. B.,vcérehteyng 8. 8.

~TITLE: NuoleiT Reactions in Cold Hydrogen. 1. The Mesonic
Catalysis
!

PERIODICAL: "pspekhi fizicheskikh nauk 1960, vol. T1» No. 4,
.~ PpPe 581 - 630

pExT: The authors proceed from the catalysis of nuclear reactions in
hydrogen by p-mesons, which was discovered in 1957 in Berkeley by

L. W. Alvarel et alo (Refe 4). This phenomenon had been predicted also
by A. D. Sakherov (Refo 2) and Ya. B. Zeltdovich (Ref. 3). & gystematic
gurvey is given of the theoretical papers dealing with muon catalysis,
and the possibility of a nuoclearl syntheslis en by means of .
"piezonuclear reactions" under high pres

ing reaction equations are mentioned: P %

p o+ d o= Hay+? (5.4 Mev) (11)5 &+ &= He,
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Nuolear Reastions im Cold Bydrogen- o s/05;/60/071/004/002/004 )
I. The Jesonic Catalysis = .- IS ‘B0OA BO96

g+ t=He,+0 (1706 Mev) (1) p + ¥ = By 4+ (20 Mev) (V) and-
4 + t = He, + 20 (10 Mev) (VI)» Tha‘quantum—mechanical tunnel effect 18

aiscussed, and it is stated that with the jnteratomic digtances existing
in ordinary-molecules, no nuclear reactioﬁ occursy put that such & .reac-
tion becomes posaible if the electron 18 replaced by @ g -megon. part 2
describes the experiments carried out in Berkeley(Ref° 4) and in Liver-
pool (Ref. 5). Part 3 deals with the catalysis of nuclear reactions in
hydrogen by means of p-mesons, vizet 1) The formation of the pu mesic
atom; 2) The formation of ppp mesic molecules; 3) The transition of the
p-meson from a proton to a deuteronj 4) The formation of pdp- and
ddp-mesic molecules, and §) nuclesa” reaction in mesic molecules. In

part 4 the mesic molecular processes in hydrogen ar€ dealt with on the
basis of Rof. 17 The adiabatic approximation for ordinary molecular R
processes ig discusped, & precise defination of the adiabatic approxima= -
tion for hydrogen mesic molecules ig derived %Fig. 6y appendix 1), &
calculation of the 1evels of mesic molecules pable 11y Pigs. 7,8),vnnd
of the binding energies (Teble 111) 18 given, transition of the pemeson
from & 1light to & heavy igotope (Tables IV, v), the goattering of mesic

iCardv2/4
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Huéléar Reactions in Cold Hydrogene
o B004 /B0O56

1., The Mesonic Catalysis

atoms On nuoieib(Table V1), -the formation of mesic molecules (Table VII);
and the transitions among the levels of mesic molecules are discussed. Qﬂ

_FurthermoTey the calculated probability for the various mesic moleculaeT
processes are compared with experimental data, and in this way agree-
ment, ab least as regards the order of magnitude, ig found. part 5 deals
#ith the nuclearl reactions in mesic molecules. The following reaction

14 cm5/8ec

~16 3 R o
_ 2.107'° cn’/secy Cpy = 2.10

/ ? I : 3

W, .= c]c(o)|2 (¢ = reaction constant, G(0) = value
of the wave function ab a nuolear distance R = 0) (Tables vII1I, IX) is

written down. The nuclear reaction {7- the pdp and ptp mesic molecule is
then discussed. In part 6 it 1s gtatad that no gontinuous nuclear reac-~

tion ocourse part T mentions further eiperimental research work in the
field of the p-catalyais as being desirable. In appendix 11, & calcula-
tion of mesic molecules with the pame nuclei, and in appendix 111 a
calculation of the spin states of meaic molecules is given. The guthors

, ' -2
and’CII = 1025.10
reaction, the equation
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Baz!, b Lo Gol'danskiy: Vb 1., and Zeltdovich, fa.B.

f Light Nuslel
1960, Vol. 72 No. 2.

AUTHORS:

“PITLE: Some Lsotopas o

FERIODICAL: Uspekhi f£izicheskikh nalk,
pp. 211 - 254 _

1ight nuclel (z2436) are
zperimental material has already been

hese date. After a
sient isotopes (z> W) sare dealt
dicted bY the fact -
properties of two
1z the isctopically

and Hing)

TEXT: At presen
vnown of whi
ed, The present paper give

ori the neusron-da2fi
with tn chapter 2, Their properties can be pre
which follows from ¢nargs invariance -~ that the
{s0bopically conjugate nuclel (nucleus A,Z1N1
sonjugate nucleus of nucleus AQ;ZQNZ i 1=
zxactly coincide up ctions and the corrections
for the neutron-pro since these corrections are
relatively easy to con rties of the igotopes can
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<

to the Coulomb cOTI2
ton mass differencs.
sider, the main prope
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some Isotopes of Light Huclel 5/053 60/072/002/002/005
: B006/BO6T

pe determined with ZD> ¥ frem the known properties of the isctopes
with N> %. Fig. 1 glves 8 sohome of the differences of the bhinding
enargy of the 7-th neutrons in the nucleus (A,A-T) end tne binding
energy of the 7-th proten in the nucless .2). Ina similar schems
Fig. I 11lustrates the region of ithe stable auelei. The mcgt promising
method tgonfdeficient i{sotopes of 1ight nuclel are the
reaciions (p.xn) ,xn), as well as reactions induced by maltiply-
chargad ion hombardment. Vew physical phenomena Aare essumed to be
obaervable in m.—mtrcr\.:dezsf‘i.ciem nuclel, proton and two-proton radio-
activityj these phencmena are® dealt with in patt 3 of the paper in
which smong others the region where such phenomena may ocour, 13
briefly outlined, and the main'groperties of two-proton radioactivity
are gescribed. The raaction-Ne‘ ~}014 423 is discussed more thoroughly.
. ” P 2]
mg‘7(‘8?), Si21(22?)7 325(24‘), Alzg(ze? ’ 0333(54?)9 1148, o,

o A8(837) 11460477 733 (547) 0,59(587) 363(627) 157(667)

are alsg counted amorng the 2p-active muclei. In part 4 ihe nucleil

Card 2/3
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Some Isotopes of Light Nuclei 8/053/60,/072/002/002/005
BO0O6/BO67

with high neutron excess are dealt with. In this case above all problems
of neutron binding energy in the nucleus are discussed (Fig. 6 shows

E as & function of Z for a large number of N-values). Also experimental
rgaults are presented and discussed. The possibilities of an experimen-
tal determination of the bineutron (reaotion (n2,a) e.g.

Nw'-f nz-oBlzm + 3,2 Mev, n2-> 2n decay on passage of ,n2 through matter
and measurement of the neutron directional correlation, Fig.7) sare
dipcussed. Furthermore experimenta for determining H? and He8 are dis-

cussed. In part 5 considerations are made on the astebility limits

and a five-page table containing a survey of various properties

(N, A, (MAR), Ep’ En,'Eg, T1/2S) of isotopes with neutron excess as

e

well as of neutron- deficient electrons for the region 2=7<40 1is
given which is highly valuable for practical work in this field.

P. E. Nemirovskiy and A. T. Varfolomeyev are mentioned. There are
‘8 figures, 1 table, and 25 references: 14 Soviet, 10 US, and

1 Canadian.
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- BAZ', Al covmusxn, V.Lg zwnovxca, }a.B.

. fiz, neuk 77 g
usp : (HIRA 1638) _
“(Isotopes) - -

Undiscoverad isotopes of 1ight nuclei.
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- - ZEL*DOVICHy - Ya. Bey- Dre,

"Theory of the detonation and formation of abnomﬂ. shock waves for which the
Chapman-Jonguet conditions are not effective,® o

“Emission of light by shook waves and their atructure,"

To be submitted for the Scientific Research, National Center of-International
Colloquium on Detonation Waves- Gif-sur-Yvette (Seine-et-Oise), France, 28Aug-
2 Sep 1961. : )

Institute of Chemical Physics, Academg of Sciences USSR.
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)} 6200 (4 lro 3617) ~ E030/E1LL -
~ AUTHOR: U;glggygggh_XA*B, el e o %
_TITLE: = Chain reactions in burning'flames - an npproximate i

thgory-of flame velocity o ;
PERIODICAL: Kinetika i kataliz, V.2 no.3, 1961, 305-318
TEXT: - This article was presented at the All—Union conference
on Combustion, January 10, 1961, =
The test theories hitherto have led to exact differential
equations which can be solved, in general, only by numerical
integration for each case, Here, a gseries of approximate theories
are developed for each type of flame, and these are used to give
physical insight into the process and to provide interpolation ..

formulae for regions intermediate between those for which exact

formulae exist. All are based on the relations from heat theory, /
o .
T, = T ~ RTb/Q

where  Tp is the temperature of burning and
energy, and the Michelson relation for the distributio
temperature by diffusion in the reaction zone:

‘card 1/5
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phaln reactions 1n burning flames = s> EO30/E111

r =1+ (T, = Tg)" X/ D (1)

‘ o b
where: X . ijs spatial coordinate, " To “initial temperature;

a  burning velocitys D thermal diffusion coefficient. The
reaction velocities are jntroduced from the kinetics of the
processes; and by using the Frank-Kamenetskiy jntegration method
Ref.7: D.A: Frank-Kamenetskiy,,Diffusion and Heat Transfer in
Chemical Kinetics, Izd-vo AN SSSR;, 1947) one obtains the quantity
of substance in the reaction zone, and the burning velocity,

The four considered cases are as follows: 1) Unbranched chain b/y//
reaction, in which the forming of active centres does not continue
in the products of burning (it stops in the reaction zone). In
this case the formula for'burning velocity given by the expression

~Q/RTy 2 (8)
is identical with that of spalding (Ref 52 Spalding, Phil, Trans.
Roy. Soc€. v.,249, 957, 1956) apart from 2 which must therefore

be introduced as & multiplier in all the subsequent approximations.~

card 2/5
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of'substance forming
g of active cen

in burning fla

Chain reactions

2) Unbranched chain reaction with excess
active centres,;in which case® the formin

continues in the products‘of purning. Let ve the ini
tive centres, and X any reacting molec

substance, the ac
then v
; . A+ X =

(9)

oB + X _
into end—product ¢ is given by the
(11)

The transformation of - A

reactioni
: A+ B= c+ B _ » :
“and depends,on' B. For ‘a flame velocity dependent on activation
energy according to Arrhenius: , v/¥/
~(Q1 + QZ)/RTb o 9 2
®1%2
elocity

o = DA Xk Koo
- o 12

ain with gpalding. put for h¢2 , and giving V
of pressure.. However for excess of By U yaries as

agreeing ag
eF(Ql+Q2)/4RTb

independent
. . P
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Chain reactlons in burnlng flames. = »+°° EOSO/Elll

3) Branche i p edge to reaction. Also in this case
the velocity u ig | nt of pressure; jt depends only on
the kinetics of development o i he kinetics
of the reaction of transformat. . i i in the
final one by activity of the centress sction with the
experiments.of s.Ya. Pshezhetskiy and his team (Ref. 11t

v.L. Cheredinchenko, I.N. Pospelova, s.Ya. Pshezhetskiy, zh, fiz.
Khimii, V.22 2674, 1958) the influence of the initial _ V)/
concentration of active centres was considered. Normally the
concentration 0 j ntres may be small., If this is called
B, and the flame velocity 4l» t if further active centres
are‘introduced - by jonization, say - up to quantity Bm actually
in the reaction zoneé, one obtains 2 flame velocity u', and the

expression lu ) -~ Bo
\;7) = 14 T (41)
m

As the quantity of active centres introduced is known, the
jmportant quantity Bm may be measured, i, e, the concentration of
centres at which under real conditions (Bo = O) the reaction in

card 4/ 5
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Chain reactions in burning flames ces EO30/E111

the flame arises,

L) Highly branched reaction, in which_recombination of centres is
principally responsible for evolution of heat, For strong
recombination (under high pressure and. low burning temperature),

u  varies as '(rx)-1/4, where r is the recombination constant.

For weak recombination, 2 .
u® = h ADr X » (73

where h 1is a dimensionless number, :

Ackhowledgments are expressed to G.I. Barenblatt and

V.I. Kondrat'yev for their interest in the work,

There are 4 figures and 1l references; 9 Soviet-bloc and 2 non-
Soviet-bloc. The English language reference reads as follows:
Ref,5:; Spalding, Phil, Trans. Roy, Soc,, v.249, 957, 1956,

ASSOCIATION: Institut khimicheskoy fiziki AN SSSR
(Institute of Chemical Physics, AS USSR)

SUBMITTED February 4, 1961
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_ ZEL'DOVICH, Ya,Bs

Symietric composite model of sirongly interacting elementary

articles,. Zhur, eksp. i teor. f£iz, 40 no.1.319-323 Ja '61,
pariieteR, P (HIRA 14.:6)

(Particles (Nuclear phyeica))
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5/056 61,/040/002/031/047
p112/B214

AUTHOR:  gel'dovich, Ya. B

TITLE: Theory of fermion masses

PERIOQDICAL: Zhurnal eksperimental’noy 4 teoreticheskoy fiziki, v.40,
: no. 2y 19615 637-640

TEXT: The particle mass can be determined from the interaction of the
particle wit imilar or similar particles. The resulting mass of the
pariicle may in general also come out to be ¢nfinite. In order to obtain
a finite massdy 1t is pecessary to subject the jnteraction formulation .
to important 1imitations. A thaary of the fermion mass 18 discussed in i
the present papere Tt is based on pirac’s equation for o particle of T
nonvanishing rest B The fourudimensional gtate vector (wave function) V/
breaks up into two»twq»dimensional spin vectors /9 . v

- i '\V nkx" o
For a vanishing rest mass of the particlie; pirac's equation ig reduced
to itwo independent equations for ¢ and X. which describe the motion of

card 1/2
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Theory of fermion masses 5/056/61/040/002/037 /047
‘ B112/B214

‘a system of particles with oppositely directed spin orientations

("right particles”" with spin+1/2 and "left particles" with spin

=1/2). In the general case, the mass.appears as a factor in the Lagrange
operator and charancterizes the relationship betwaen the "right" and "left"
particles. Particles of finite mass may be considered tn-be superpositioms
of "left" and “right" particles. The case of an interaction is considered
which can be schematically characterized by the symbols

GTYE YY), PPV, "4 P ). It 1s found that the mass of

] .
a gilven particle with the wave functions ¢, ¥ appears in the result of
four-fermion interaction only when the particle enters the interaction
in a two-fold wey by means of ¢ and 2 o This result is in contradic-
tion with a principle of M. Gell-Mann and R. P. Feynman, due to the faect
that the particle possesses a polarization different from v/c.
L. D, Landeu, B. L, Ioffe, L, B, Okun', and I. Ya., Pomeranchuk are thanked
for discussions. There are 2 figures and 7 references: 1 Soviet-bloc and
3 non-Soviet-bloc. :

SUBMITTED: September 3, 1960 (initially)
: (November 11, 1960 (after revision)
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ZEL' DOVICH, Ya.B.

Unstable particle in the Lee model, Zhur. eksp. i teor, fiz.

RA 14:7)
40 no. u 111551159 Ap *61, " (MI
(Nuclear models) (Quantum theory)
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GRiBGV, V.N.; ZEL'DOVICH, Ya.B.; PERELOMOV, A.M.
;- R S

/ : . . ' ' tate, Zhar. skzp. R
Maximum charge for a given mass in the bound = ; e
!4 teor. fiz. B0 no.l;1190-1198 Ap ‘61, (MIRA 14:7) LR
(Nuclear reactions) (Particles (Muclear physics)) ' e
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246610 (705 #532) ’ |

. AUTHOR3:  Zel'dovich, Ya. B., Smorodinekiy, Ye. A: ‘
. PITLE: " phe upper limit of neutrino, graviton, and baryon density in - " ""Q_f

_ the universe

PERIODICAL: Zhurnal ekspyeri'men'cal‘noy 1 teoreticheskoy fiziki, ve 41
no. 3(9)s 1961 907-911

. TEXT: To estimate the maximum energy density of neutrinos, gravitons and o
. paryons in the universe the gravitational effect of these particles on the - O(;t
,éxpanding.universe-has been investigated by the authors. According to
B. M. Pontekorvo and ya. A. Smorodinskiy (ZhETF, 41, 239, 1961) it is very
difficult %o determine the cosmic neutrino density. pirect tests have
. ghown that the mags-eneT&y density in the form of neutrinos may be 104 to
‘40 times higherT than the rest-mass~-energy density in an ordinary form.
The authors, and also F. Reines, have already ghown that these estimates

" depend on hypotheses concerning the neutrino spectrum. Another method . *g%,'

. for calculating the maximum energy density is based on determining the :
’ gravitational gffect and fits all unknown, weakly interacting fields, also
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V"rhe upper limit of neutrino s« 3125/8102 :

for the density of high-frequenay osoillations of the gravitational field
(gravitons). Acoording to G« M. gandel'man and V. g'. Pinayev (ZhETF, 2L R
1072, 1959), the bre_;neatre.hlung of gravitons is 1010 times smaller ithean \k :
~ the radiastion of v=-v For the suggested estimate, the density ¢ of"

all kinds of natter-enersy past of the universe. The .
oritical density Q of the matter-energy whioh has been introduced by the .

authors, characterizes thé transition from ean open to & closed model of ‘ahe'
univerase: &% Q <Qy the expansion will last for en ynlimited times at

SR> Qe however, this expansion will change over into contraotion. The ‘
'times T ocounted from the inastant of maximum dens ntil

. now ere as follows: . R

T A (kA kY arctgk— 11, e (2g— D%
N v = (1420

q = @/2¢ ¥ is_ca.iculé.ted for resting matter and & pressure p = 0) 7' i

calculated according to L. D. Lendau for negligible rest mass, {.e., fOT
partiolas moving at velooity of 1ight end p = 6/3 (¢ denotes the enargy

' cerd 2/4
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The upper limit of neutrino e B125/B102

10

density). For-To = 10 years, one obtains t ) 0.4 and, therefrom, g< 5 and

Q<2'10"28 g/om3. An independent investigation ylelds q 740 for distant
galesotics systems. Equal resulis are obtained in a third estimate of the
maxinum density by studying the star density in the galaxies. I¥ is l)(
possible that the density of neutrinos, gravitons, ets., in the universe is
higher than the mean nucleon density observed (10"29 g/cm3) vut more than

10 to 20 times. The similarity of 4 = 10-29 g/cxm3 for ordinary matter

suggested & comparatively young age of the universe. A% equal order of
magnitude of neutrino mass and nucleon masgs densities; the value for the
density will be smaller than ~ 10-29 g/om’, and correspond to 1072
nucleons per om’. The number of nucleons nay te much larger than the
given value gince the gravitational mass defect AM of a star after the
gravitational colldpse may be of the same order of magnitude as the sum
of the rest masses of the nucleons contained in the siar. At present,
there is no correct theory on gravitational snllapsos. L. D. Landau and
Ye. M. Lifshits have esimated the critical mass %o be 76% of the golar
mass. when & gravitational collapse of a atar 0CCUISy the energy might
be emitted in the form of neutrinos and antineutrinos. The mean nucleon

Gard 3/4
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The upper limit of neutrino ... Bi25/B102

density in collapsed stais will be no mere than 10 to 20 times higher
than known densities of ordinary nuclecns. All theasa sgtimates are only
correct for not too early collapses. Thera ara 1% »aferounes; 9 Soviet
and 6 non-Soviet. The four most recent refersnsuss o Engliish-language
publications read as follows: F. Reines, C. L. Cowan, Jr,; F. B.
Harrison, A. D. Mec. Cuire, H. V. Kruse, Phys. Rzv., 1175 159, 1960,

H. Y. Chin, P. Morrison. Phys. Rev. Lett., 5, 573, 1950, M. Gell-Mann,
Phyas. Rev. Lett. 6, 70, 1961. 7. Hoyle. Pro:. FPhys. Sce. 7, 1, 1961.

SUBMITTED:  April 14, 1961

CIA-RDP86-00513R001964220013-3"
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. ZEL'DOVICH, Ya.B. B

' ‘elativistic
‘ elation of eleciren and positron polarization in T .
cpa:lrorrs. Zhur.eksp.i teor.fiz. 41 no,3:912-913 S 161, (MIRA 14:10)
o (Electrons) (Positrons)
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31900 (1057 /535, 3717) B102/B138
AUTHOR ;- Zel'dovich, Ya. B,
TITLE:  Equation of gtate at ultra-high densities and its

relativistio limitations:

PERIODICAL:  Zhurnal eksperimeh’fal'noy i teoreticheskoy fiziki, v. 41,
‘ no. 5(11), 1961, 1609-1615 :

TEXT: The author develops & relativistically invariant theory to describe
the state of heavy stars after gravitational collapse. The theory of neus
tron condensation (L. D. Landeu, Zs. Sow. Phys., 1, 285, 1932) and the
approximation of rigid nucleon repulsion lead to results which.are in
contradiction to the theory of relativity. From special relativity the
inequality 3p & £ results, where p is the pressure and ¢ the energy
density which includes the particle's rest mass. (3p < & for free non-
interacting particles, 3p=¢ for an electromagnetic field). In the
theory proposed here 3p > & ijs possible and p=¢ is the limit. As an
example, a classical vector field with mass, jnteracting with classical.

poini charges at rest, is considered. For -

Card 1/5
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_Equation of state at ultra-high... B102/B138
L~—EWM— L e, &;me, @y .
aAk/th = 0 Flk = aAk/ax,-—aA,/ax,, 2) »

(with o=1 and the metric Ak-A +A4, A -iA = iyg, m-uﬁ thq mass of the L\
field quantum) the field equation : . _ .
0F <« 4, ’ ‘“
lk = --Z [ = ---pz A1+ 4.1](. ’ (24)

is found; its solution 18 Y= ge " /r K-O. The interaction energy of two
charges is given by &y, (r, )=g 2gHT 12/1:'1 , energy and pressure by

& = nB, = Mn +2ng nz/p - (3.5)

p = ~0E /6(1/n) = 2ng° n /p. (3.6).

From this it can be seen that for large densities, n, p-*& For a meson
mass m much less than the baryon mass M the coupling constant is in the range

card 2/5 -
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Equation of gtate at ultra-high... 8102 /B138

' ko(m/M)2<'32.< 4m(lﬂ_!/mv). A state with 3p> & ocan ‘be realized for a density
. for which the characteristic length 1/u and the distance to the nearest

" neighbor, n'1/3, exceed the classioal baryon radius gz/idc2 and the
Compton wave lengih %/Mc of the baryon. The possibilify of 3p>¢ is not

related to any extrapolation. The ‘siress tensor with the ogiponents
£, T T. T,,=P can be determined from Tik L_éik o, 3(o8, o,

Taa =5 Txx = yy

o STy S B (N gElen, (43)

3p =T+ Ty + Tex = (E* + H)/8n 412 (3¢* =AY/, (44)
is found. For a large system (lagl € pacf) '
| | q>='4n8n/u2, e Znszn?/uz,'ip = 6rg?n/ul - (4.6)
holds and foxf cP=Mn: p—+E 3p>E for n>p2M/4ng2, woM. 1f the domain

2

coneidered is free from charges &- 3p = pf"(l&2 - (?2)/41§, w2 wk% +u° and

-

= akl?, ice. l'\gqu'a'.’k\ and £>3p. Going over to electrodynamics
" Gard 3/5 | . | | |
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. & - 4 =
_Equation of state at ultra-high... ' 310224150 . A
 3p <& is found for & Cbulomb field. - For p<1/R (R - aize of the aysvtem)
. ‘{’NRzgn, ;}?Nuz'{’z'“‘ FZR482n2 . | (5.4)

holds, and for p>1/R: 3p=&. Finally the problem of the reality of a
. model of charges at rest is discussed. The most rigid equation of state

consistent with relativify, pP= aynz, is realized for baryon.interaction
via a vector field with non-vanishing mass (c.f. Yu. I. Kobzarev and

L. B. Okun', ZhETF, 41, 499, 1961). For 32/%=1 and m-hp'sm/z and equal
g values for the baryons n, P and A‘,' 3p = & where the density .-

n, = |L2M/4ug2 =M;05/16nﬁ3 whioh corresponds to a nearest neighbor distance ‘
of ro(ik)’_“ 4%/Mc = 2/u 20.8¢. This n  value is 20 times greater than the

nuclear density corresponding %o the radius R= 1.2&1/3(} of a ixee.vy nucleus.
By estimating the quantum.'correotione the energy of the free Fermi gas for

three types of indep_endentv articles can be approximated by
¢ = 2an 1 +0.282/3 =-0.9 an¥/3, w1, The paper was discussed in April 1961

card 4/5.
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L2071
s/056/61/041/005/026/ose
Equation of state at ult{ra-higho.- ' ~ B102/B138

in Nor-Amberd at a physics gchool organized by the Ingtitut fiziki

AN Armyanskoy SSR (Institute of Physics AS Armyanskaya SSR). The author

thanks G. S. Saakyan for discussions. There are 10 references: 7 Soviet

and 3 non-Soviet. The two references %o English-language publications ‘
read as follows: A. G. W. Cameron. Astroph. J.; 130, 884, 19959;

E. E. Salpeter. Ann. of Phys. 11, 393, 1960.

SUBMPTTED:  May 31, 1961
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o N0B B104/B21
24,3950 W |  Bi04/B214
AUTHORS: Zelldovich, Ya. B., Academician, Kormer, S. B., Sinitsyn,
v ~¥, V., and Yushko, X. B.
TITLE: An investigation of the optical properties of transparent
‘ substences at superhigh pressures
PERIODICAL: Akademiya nauk’SSSR. Toklady, v. 138, no. 6, 1961

1333 - 1336

TEXT: The propagation of strong shock waves in gransparont medic permits
to study the properties of substancee at pressures of some thousands or
millions of atmospheres (Zel'dovich et al., DAN 122, no. 1, 48(1958 )

At pressures not too high if the compressed substance remains transparent
throughout its thickness the refractive index may be determined geometri-
cally. The suthors first studied water, plexiglass, and glass. A diagram
of the experimental set-up with which the reflection of 1light by the
shock wave can be determined, is shown in Fig. 1. The reflected rays

II - ¥ were recorded hy a fast photochronograph. Water was found to re-
main trausparent under pressures of 89 - 144 thousand atmospheres. Glass
bocomes opaque at a pressure of 200,000 atmospheres. The exact values

APPROVED FOR RELEASE: 03/15/2001 CIA-RDP86-00513R001964220013-3"



An investigation of the opticale..

for water are collected in Table 1.

5/020/61/1 38,/006/011/019
B104/B214

In thé discuséion of the results

the authors used the data of V. Reman and K. Se Venktaraman (Proc. Roy.
Soc., 171, 137 (1939)) and gave the following relation for the temperature

and density dependence of the refractive index:

- 1.90+10791¢ (1), T being in o,

n = 1,334 + 0.334(8-1)

Fig. 5 shows graphically a comparison

of the values of n calculated py (1) with those determined by geometrical

methods.
Lorenz formula.

can be partly explained by the increase
6) had

pressure. L. Vo Alttshuler (Bef.

The dotted line in this diagram corresponds to the Lorentz -
The deviations of the results obtained photometrically
in viscosity of water at high
detected a decreass of the

intensity of the reflected light at pressures above 115,000 atm and
shown it to be related to the phase transformation at this pressure. This

pe detected by the present guthors.
transparent up to 300,000 atm. Ao Go Oleynik,

opinion that

Y. ¥. Mineyev, and R. M. Zaydel are mentioned.

They are of the

The authors thank V. P.

Arzhanov, G. V. Krishkevich for carrying out the experiments and A. Ge
Ivanov, R. M. Zaydel', A. G. Oleynik,and V. N. Mineyev for valuable
discussions. There are 3 figures, 1 table, and 10 ceferences: 5 Soviet-
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'bloc, and 5 non-Soviet -bloc.
, SUBMITTEDV March 30, 1961
N rie Experimental set-up. |

':Legéhd: I)‘incident ray.  II) end III)*

- 1ight reflected f{rom ‘the stationary TSN BRI e
. boundary between plexiglass and water. = o : N
" IV) 1light reflected from the front I 1:' NN
. of the shock wave. v) 1light reflected . -~ N St
" from the moving boundary between > -2
_oompressed water and gompressad plexi~ 8 Raoeri ».Qerxmw-«-‘mj Lo
glass. 1) plexiglass prism. 2) water A e AU [
in front of the shock wave front. 3y —}HH’**H*’} i

- water compressed in the ahock wave.

. 'Card'3/b:5 
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5"wW30 B104/B209
AUTHOR: . gel'dovich, Ya. B., Academician
~ TITLE: Moleoular symmetry, meltinyg of a crystal, nﬁq\( '
' structure of liquids. 1 1@

PERIODICAL:  Akademiya nauk SSSR. Doklady, V. 139, no. 4}&1961, 841-843
b

TEXT: ‘The author ptudied the effect of molecular symmetry['pon the melting

process of crystals and on the orderly astructure of liguid 1t is pointed

out that the higher the symmetry of a molecule the better Q 11 this mole-

cule fit into a crystal jattice. Moreover, the symme try oftthe molecules .
exerts a noticeable influence on the melting point of & crystal, which is -
 due to the thermal agitation since the latter depends on this symmetry. In
particular, the author studied the three igomers of CgH,Cl (ortho, meta,

and para-chlorobenzene). Among these, para-chlorobenzene Eas tne highest

symmetry, and therefore also the highest melting point (+52,5°C)u The .
symmetries in meta-chlorobenzene (-24.4°C) and in ortho-chloroleazene

(-17.5°C) are lower. This situation is considered to be characteristic of

many organic compounds. However, there are also exceptions to this rule

card 1/3
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5/62 0/61/139/004/009/025
Molecular symmetry, melting of ... _ B104/209 :

that are due to the effect of lattice energy. Thus, for instance, the

o~ and the f-derivatives of naphthalene have the same symmetry but different
melting points. The theoretical treatment is based on the assumption that
the molecules in thé crystal are arranged and aligned regularly. The
entropy of the crystal at absolute zero is assumed to vanish, The inter-
molecular spacings in liquids are of the same order of magni*ude as those
in crystals, but there is no mutual alignment of the molecules in the former
case., For this reason, molecular interaclion in & liquid greatly affects
the translatory motion, the rotary motion, however, only alightly. This
fact is accomplished by the elementary concept of the molecules vibrating
in & crystal, revolving in a2 liquid, and performing a rotary as well as a
Brownian movement in a gas. It is stated that the entropy of a crystal
does not depend on the symmetry of its molecules. The relation

llqu(T) s (T) - R 1ln n is given for the entropy of & liquid; n denotes

the so~ called symmetry number of the molecules. The melting temperature is
glven by aT = RTieltAln n/Qf, where Qf is the heat of fusion. A difference

of 30°C in the melting temperatures of para-chlorobenzene and meta- and

Card 2/3
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ortho-chlorobenzene (the melting points ¢f the two last ars assumed Lo be
equal) is obtained by means of the abovs formula. In sxperiments, &
difference of 73°C was determined. Moreover, the experiments proved that

Tvﬁgn - Tortro‘" - 7°C. The author points cut that the wolesular syunulyy
(L &

in liquids does not permit a free rotation of the molecules. The molecules
rather perform rotational vibrations with rare jumps from one alignment to
the other. A very weak effect of symmetry is possible in two cases:

1)¥hen the crystal is not completely regular. This is the case when physi-
celly ulightly different groups determining the crystal symmetry are substi-
tuted (e.g. hydrogen by deuterium)., The entropy In thig case does not van-
ish at absolute zero but depends’on the symmetry of the molecules. 2) Vhen
the liquid retains a certain orderliness of alignment at theé melting point.
The ‘author thanks A, V. Shubnikov and A. I. Kitaygorodskiy for their
remarks. There is 1 figure.

SUBLITTED: April 26, 1961
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AR B104/B102
{  AUTHORS: 761'dovich, Ya. B., Academician, Barenblatt, ¢: I., and
i ganik, R. L. ’
b ] B
E TITLE: Quasi-periodic precipitations during mutual diffusion of two

- substances (Lisegang rings)

PERIODICAL: Akademiya nauk SSSR. - Dokiady, v. 140, no. 6, 1961, 1281 -
- 4284 : E

PEXT: During mutual diffusion of two reacting substances insoluble pre-
cipitates fall out in sc-called Lisegang rings. The most probable forma- N -
tion of Lisegang rings is described as followss During diffusion the
solution is supersaturated as long as the product ab of the concentrations
s and b of the substances A and B does not reacn a critical value k :
(metastable limit). As ab exceeds k at a given point, one of the reaction
components is precipitated completely. . Due to diffusion, a new portion of

. this component enters the impoVerished'region and the precipitétion mecha-~

. nism appears again. If the region of precipitations does not propagate
‘too fast, the following precipitation is gomewhat distant from the pre-siﬁ/[

- Card 1/;9\ ‘ —
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vious one. In the present baper,; an approximation of the formation of

Lisegang rings during diffusion of substances in a cylindrical tube is

given. The authors derive a and b as functions of the reduced parameter .
= X/X,s where x is the coordinate of the axis of the tube, and x, is

the coordinate of the n-th precipitation. For sufficiently high n the
dietributions‘ of a and b within the ranges 1 <§ <o and 1<’t<r¢ (= t/tn) s

depend on ¢ = éo/bo_(ao_and bo are the concentrations bafore diffusion
starts), X a k/aobo and o’ = Da/Db (Da and D, are the diffusion coeffi-

cients of the substances A and B). The distributions do not depehd on n.
Under this condition of quasi-periodicity the distributions of a and b asn

functions of g = xn+1/xn, IV= tn+1/tn’ mn = Datn+1/xn+1’ rq ? and #-are
studied. The results allow the metastable limit k to be experimentally

determined. The authors thank L. Ya. Semeénova for calculations. There\;k/ ot
are 2 figures and 3 Soviet references, . i

P

ASSOCIATION: Ina%itut mekhaniki Moskovskogo gosudarstvenhogo universiteta .
. im. M. V. Lomonosova (Institute of Mechanics of Moscow .
Card 2/#5;2.. Jtate Univm'si'byq‘.meni M. V. Lomonosov) |
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BARENBLATT, G.I. (Moskva)g ZEL'DOVICH, Ya,B, (Moskva); ISTRATOV AGe
: (Hoekva)

Diffusion heat statdlity of & la.minar flame. m,rF n0,4121-26
Jl-Ag '62. : (MIRA 1631)
(Flnme)
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ZAYDEL', R.M. (Moskva); ZEL'DOVICH, Ya,B, (Moskva)
: LELDOVICH, Ya.B.

Poaarible conditions of stationary combustion, MMIF ro,4127.32
Jl-4g 162, : (MIRA 1611)
, {Combugtion) '

PR S
e T G G B (AT S

APPROVED FOR RELEASE: 03/15/2001 CIA-RDP86-00513R001964220013-3"



"APPROVED FOR RELEASE: 03/15/2001 CIA-RDP86-00513R001964220013-3

Rl

34656

§/056/62/042/002/053/055
: B108/B138
2y 4600 .
AUTHOR: Zel'dovich, Ya. B.

. —

TITLE: cbllappé of small mass in general relativity theory

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 42,
noe. 2, 1962, 641-643

TEXT: According to J. R. Oppenheimer and G. M. Volkoff (Phyao Rev., 55,
374, 1939) the one solution of the equilibrium of & cold ideal Fermi gas
which exists at small neutron number (N <0.35N8, N!3 - number of nuclecns

in the sun) is absolutely stable and a collapse at such N is not possible, V{/
Nevertheless, this is not the case. A configuration with sufficiently

high density and arbitrary N, whose mass is as near to zero as required

and smaller than the mass of the static solution, cannot go over into
equilibrium (static solution), and consequently can only infinitely

contract:

K = const'a3/4R5/9V1 - ab' , (9)
R = const N2/58'1/2(1 - ab)1/39 M = const N2/3a1/2(1 - ab)1/5n

Card 1/2
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Collapse cf small massin ... B108/B138

This shows that M —» 0 at a — 1/b for any N. For an estimate of the
energy barrier separating the equilibrium solution with M %Nnm (m - mass
of the neutron) from the collapsing state the maximum M is found from

the above equation: M ﬂzaNz/ﬂ}Fﬁ/k This shows that collapse is Y
v Q * max - ° !/)

possible also for systema consisting of a small number of micleons, but
the barrier axceeds the in{tial enargy of the system at raeat many times.
N. Ao Dmitriyev, L. D. Landau, Ye. M. Lifshits, and §. Kholin are thanked
for discussions. There are 4 references;: 3 Soviet and { non-Soviat.,

SUBMITTED; Deosmber 15, 1961
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LY YeOO : C - 1 ’
~AUTHOR: ! ~ ‘%el‘'dovich, Ya, B.
CQITUE: - static golutions with eﬁergy,excenn in the genéfal theory of

relativity
L R SR .

" PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki,
v. 42, no. 6, 1962, 1667-1671

"“PEXT: If there is only gravitational interaction between particles.of a

¢ Fermi gas, then each particle performs a finite motion in the gravitational

"> field of the other particles of the system. The trajectory lies in a ' -
" plane passing through the center of the system which is regarded as a star.

;- For the radial coordinate one finds r1< r-<r2. The ‘total energy of thg

. . s : . 2
-+ particle remains conserved during its motion and is less than mc . The : ,/*f

.| ‘total energy of the entire system, however, is greater than Nme? (¥ = number

of particles). - The conditions under which this situation arises when -
s0lving the equation of motion and the limitations fo be imposed on the
ratio of the total energy of the system to the rest energy of the f

© Card 1/2
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| s/056/62/042/006/039/047
‘Static solutions with enerpgy excess ... B_1Q4,B11? o g '

individual particlesvare examined. This golution is shown to be purely

""relativistic. The principle of the mass exiremum is formulated, and it

is shown that the derivative of the stellar mass with regpect to the
“number of particles is less than the rest mass of the particles. .The

-~ existence of the solution indicated is related to an ambiguous dependence |
- of the mass on the number of particles. There are 2 figures.’

ASSOCIATIOH: .Instituf teofeticheskoy i ekspérimental'noy fiziki
' " (Institute of Theoretical and Experimental Phygics)

SUBMITTED: _  February 9, 1962 "~ -
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* E ' 3/055/62/043/003/045/063‘ ’
A - S < - B108/B102
. AUTHOR:  Zel'dovich, Ya. B. |
| TITLE: Semi-closed worlds in general relativity

.l\\ ' PERIODICAL) .ghurnal eksperimental‘noy i teoreticheskoy fiziki, v. 43,
' no. 3(9), 1962, 1037 - 1043 ! .

/

TEXT:+ The spherically symmetric part of an isotropic Friedmann world ‘is /
considered. The greater the Friedmann part considered, the smaller is the S
i+ junction betweeq,thia’apherically symmetric part, of constant density, and
\ empty space (SchwartZschild solution). Such a part is termed a semi- L
.closed world, Its cirounmference, area, and maesépipaps through maxima as '™
the distance from thedcenter increases. The outdr radius of the semi- i
closed world is g eater than the gravitational radius corresponding to
its mass. Therefdre, iwithin finite time of that world, an exchange of
matter, energy, ox information with the surrounding empty space is not
possible. Therc dre 2 figures. ' ‘ -
! : : .

' ASSOCIATION: Institut teoretircheekoy i ekepei‘imentai'noy fiziki Akademii:

' , nauk SSSR (Institute of Theoretical and Experimental Physics:
CaEE=3f2 of the Academy of Sciences USSR) 7 <

[ o
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uniors  fel'dovich, Yo B .
- TITLE: The state of mart't‘ei' pefore ﬁhe £ormat‘ion of} gtars

PERIODICAL: Zhurnal e‘f.sperimental'noy i teoret‘icheskoy fiziki, V- 43,
~ no. 4(10)s 1962, 1561-1562 . . i

. 9Ex?: The state of matter at the beginning'of evolution is gtudied. It
is assumed that matter then comprised equa14quantities of protons, ) ,//
. electrons, and neutrinos, and that eniroby was 10W. At high densities
- (in the region of nucleaT density) and at zero temperature, neutrinos and
electrons congtitute a degenerate relativistic.Fermi gas. DBY reason of
their chirality, the neutrinos possess greater Fermi energy EFV than ?he

- B ~ electrons. At a density of 2.5~1rd38.‘particlea/cm3, EF = 500 lev,
. - s : . \)

By ® 400 Nev. phe process @ + P —> n + V, which in stellar matter of
high density leads to the formation of neutrons) appears 0 e forbidden
gard 1/3. - R .
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. The state of matter before ... B104/B18
here by reasons relating to the neutrino state., Cold hydrogen forms when
such a matter expands. The heavy elements that have formed the stars are * -
likely to have formed from hydrogen in nuclear reactions. G. Gamov (Rev. .
Mod. Phys., 21, 367, 1949), R. Alpher and R. Herman (Rev. Mod. Fhys., 22,
153, 1950; Ann, Rev. Nucl. Sei., 2, 1, 1953) and C. Hayashi (Progr. Theor.
Phys., 5, 224, 1950) have assumed that matter in its initial state
COnsistgd of neutrons or of approximately.equal quantities of neutrons and
protons,.and that its temperature was very high., From this it would
follow that the matter before the formation of stars contained amounts of
10-20% He and about 0.5 deuterium. The radiation density (energy/c?)
remained about equal to the nucleon density after the expansion of matter
to the present mean density of 10-30 g/cm3. These results appear to be
inconsistent with observations, and therefore the concept of patter
consisting of protons, electrons, and neutrinos is the only possible one.
At densities for which the Fermi energy. of the protons is commensurable
with their rest mass, neutrons and hyperons can be produced in different

- processes. Expansion, however, proceeds slowly as compared with the
relaxation time of these proceases, and when the density of nuclear matter
was reached; only p, e and V were left over.

Card 2/3 '
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The state of matter before ... | 31/82%5%045/004/059/061 3

"ASSCCIATION: Institiit teoreticheskoy i ekspe_rimental'nby fiziki Akademii
nauk SS5SR (Institute of Theoretical and Experimental Physics
of the Academy of Soiences USSR) - ‘

SUBMITTED: August 31, 1962
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ZEL'DOVICH, Ya.B.

_ Formation of stars in an expanding universe, Zhur, eksp,
i teor. fiz. 4.3 n0,5:1982-1984 N '62. (MIRA 15:12)
(Cosmogony) : :
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 LELDOVIGH, YaB., akadontk (loskva)

Encyclopedia of theoretical physies. Prireda 51 no.7:58-60

J1 162, 5
(Physics) (Landau, Lev Davidovich, 1908)
(Lifshits, Evgenii Mikhailovich)

:9)
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8164/8102 . ‘

'AUTHOR:  _ Zel'dovich, Ya. B.

W—

. TITLE: Problems of modern physics and astronomy ,
PERIODICAL: Uspekhi: fizicheskikh nauk, v. 78, no. 4, 1962, 549 - 578

- TEXTt This revised version of an introductory review presented at the . o

School for Astrophysics in Tartu deals with the present atate (1949 - 62) - v

of the physics of elementary particles and the theory of gravitation. : C

Separate. chaptera are devoted to conservation theorems in interaction of

_ elementary particles; antiparticles; classical interaction and ‘strangeness; o
three-particle model; electromagnetic interaction; baryon interaction; ‘

neutrino theory; fermion mass jweak interagtion and p-decay; unsolved

problems in the theory of weak interaction; supernew particles and new vays

to the particle theory; table of particles; gravitational interaction,

“'Ageneral relativity and gravitational quanta; spontaneous generation of

matter; variability of constants. - There are 2 tables and 104 references,
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ZEL'DOVICH, Yakov Borisovich; RIVIN, Mikhail Abramovich[deceased];
FRARK-KAMENETSKIY, David AL'bertovich; LEYPUNSKIY, 0.1., doktor
fiz.-mat, nauk, prof., red.; aocommn M.F., red.izd-ve;
SKOTNIKOVA, N.N., tekhn. red. ,

[Jet-power impulse of povder rockets]Impul's reaktivnol sily

porokhovykh raket. Moskva, Oborongiz, 1963. 189 p.
(MIRA 16:3)

" (Solid propellant.' rockets) (Jet propulsion)
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(ZEL'DOVICH, Yakov Borisovich, akademik; SEMENDYAYEV,K.A.,red.;NORKIN,S.B.,
red.; KOLESNIKOVA, A.P., tekhir, red.

[Higher mathematics for beginners and its applications to
physics] Vysshaia matematika dlia nachinaiushchikh i ee pri-
lozheniia k fizike. Izd.2., perer. i dop. Moskva, Fizmatgiz,
1963. 559 p. o (MIRA 16:4)
(Mathematics)
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d | amsoz6342

Zel 'dovich, A}_{;{:\_}_‘c‘gg;_gqrisoviéh: . Rayzer, YUriy Petrovich

.Physics of shock waves and high-temperature hydrodynamic phenomena
- (Fizika udarny*kh voln i vy*sokotemperaturny*kh gidrodinamiches= | .
g .|° kikh yavleniy). Moscow, Fizmatgiz, 63. 0632 p. illus., biblio.’| ..
- 4,000 copies printed. : ' i

TOPIC TAGS: gas dynamics, shock waves, heat transport, thermal ra-
diation, radiant heat exchange, thermodynamic properties of gas,
high temperature properties, shock tube, relaxation processes, shock
wave front, ilonization, molecular gas, plasma, thermal waves, self-
.| similar processes :

PURPOSE AND COVERAGE: This is claimed to be the first book in the
world literature devoted to a systematic analysis of many problems
on different branches of physics, physical chemistry, and astrophy-
gics in which modern gas dynamics and hydrodynamics are involved.

~-'C°rd».--.1/4_» s o 2 v
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It deals w1th ‘the prxncxples of gas dynamics and the theory of shock
waves, the theory of radiative transfer, the thexmodynamic and op-
tical properties of matter at high temperatures and pressures, dis-
sociation kinetics, ionization, and other nonequilibrium processes,
as well as phenomena connected with the radiation of light and ra-
:diant heat exchange in shock waves and ;n explosions and problems . !. -
involved in the propagat:a.on of shock waves in solids, etc. The book
{;reflects .the authors' many original papers in this field. The book:. | -
" 1'will serve as a valuable practical text for many physicists, me- I
chanics, specialiate, 'engineers and undexgraduate and graduate stu=-:
dents speclalizing in applied physics and modern engineering, or
those who wish to become acquainted with the praaent atatus of the R
gcience of shock WaveB. L i :

' TABLE OF CONTENTS [abridged]si

Foreword - - 9

‘Card  2/4
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Ch. I. Elements of gas dynamics and clasaical theory of shock
waves - = 11

Ch. I1. - Thermal radiation and radiant heat exchange in a medium == |-

95

'| cn. 111, Thermodynamic properties of gases at high temperatures o

144 .

Ch. IV. Shock tubes - - 193

Ch. V. Absorption and em;ssion of radiation by high-temperature
gases = = 204

Ch. VI. Rates of relaxation processes in gases - - 275

| ch. VII. Structures of shock-wave fronts in gases = = 321.

Ch. VIII. Physicochemical kinetics in hydrodynamic processes -~ 383}

Ch. IX. Optical phenomena in shock wavea and in strong exploaions
- in air - ~ 421 ' .
- | Ch.- X. -Thermal waves - - 462 . A .

{ Ch. XI. Shock waves in solids - = 489 f~,$ S

1 Che XII. SOme selE-Bimilar processee in gaa dynanu.cs o - 566
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Stabllity conditions of the combustion of gunpowder in a semi- .

enclosed volune, PMIF no.ls67~76 Ja-F '63, (MIRA 1602)
~ (Gunpowder) (Combustion) _
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One-dimensional instabilify and damping of a detonation,
PMIF no, 6:59=65 N=D 163, (MIRA 1737)
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AUTHOR ZeI'dovich Ya, B. " -

'I‘ITLB " Modern physics and nstronomy ! ! ‘

A R

SOURCE: -AN SSSR. Astronomicheskiy sovet Voproléxy"' kosmogonii (Problems of 4

cosmogony), v. 9, 1963, 5-59 /
i

E Y :

. “TOPIC TAGS: elementary particle, physics, astrophysics, astronomy, antiparticle,
meson, neutrino, antineufrino, strange particle, charge conjugation, baryon, lepton,
electromagnetic interaction, general theory of relativity, special theory of relativity,
quantum, gravity, vacuum, Mach principle, universe, gravxtational wave, graviton,
, creation, Jordan theory, cosmology

=
y . ACCESSION NR: AT4019684 §/2556/63/009/000/0005/0059 -

ABSTRACT: The contemporary status of the physics of elementary particles was re-
viewed in a lecture given during a theoretical seminar on astrophysics (Tartu, July-7-13,::
1962). ‘The.following is a.partial table of contents: Part I. Elementary particles. # 1.
History of discovery of particles. Antiparticles. Mesons., Neutrinos and antineutrinos.
Strange particles. New short-lived particles, #* 2. Tables of particles. Quanta, :
leptons and mesons. Charge conjugation. Strongly interacting mesons...Baryons. # 3.
Laws of/ transformation of particles. 4. Electromagnetio interaction. Interaction
1/2 :
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‘between an electromagnetic field and particles, Dynamic principle of charge conjugation.i ‘

- parity. PartIl. Gereral theory of relativity and cosmological theories. % 1. Special |

i constants. ‘7 9. General remarks. Orig. art. has: 47 formulas, 1 figure and 2 tables.

'\'. s t T
ASSOCIATION: A.sl,{z'onomiohesldy sovet AN SSSR (Astronomical Council AN SSSR) : ;
- . . ' . - M . ; B '} o . ’

ACCESSION NR: AT4019684

## 5. Strong interaction and strangencss. # 6. Weak interaction. 7/ 7. Neutrinos and

and general theory of relativity. Cosmological theories. ¢~ 2. Experimental confirma-
tions of the general theory of relativity in recent years. 7 3. Need for the general ;
theory of rolativity . #°4. Solution of the equations in tho general theory of relativity.

746, Gravitational waves, gravitons and particles. ,56.: Hypothesls of the creation of .
matter. F#7. Conservation of energy in a closed universe, 7¥8. Hypotheses of varying

SUBMITTED: 28Nové2 . ; DATE ACQ: 12Mar6d .~ ENCL: 00

SUB CODE: PH / ~  NO REF SOV: 005 OTHER: 024
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v . : , . .
SOURCES AN SSSR. Astronomicheskiy sovet. Voprosy¥ kosmogani| (Problems of cosmo=|

“gony), v+ 9, 1963, 157-170 o
TOPIC TAGS:

model, general relativity theory

ABSTRACT:

astrophysics, star, hydrodynamic stability, hydrostatic equllibrlum,
. hydrodynamic process, nuclear process, star formation, g(av!tatlonal energy, star

The author conslder§ the problem of the'stab!lltv of a spherically

symmetrical body, contained by gravitational forces, relative to radial movements
of matter in which the condition of hydrostatic equi librium is disrupted. The i

problem is considered in two di fferent approxima
watter of a star is characterized by mean indice

tions.
s - mean density and mean pressure.

in Section 2, all the

i study is made of the dependence of stability on the equaticn of state of matter.

This method is approximate, but it is more gra
concept of slow evolution (dependent on the ve

phic in presentation of the general
locity of nuclear processes), leading

‘he system o the limit of stability, after which there is catastrophic compression

Cgpéz l,|)§ rglez{se 'of‘ gr‘av.ifatiot\‘a? . gnefgy.
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" ACCESSION NR: ATH019689

' : ; A ' -

' Section‘}. dection & is devoted to an exposition of the concepts of N. A. Dmitriyey,

~ which can be used to obtain a precise solution of the problem of stability of an |
"~ equilibrium model of a star with an arbitrary equation of state of matter and an '
~ arbitrary distribution of entropy and material composition. It is shown that the
. stability criterion can be formulated by comparing the solution with a solution
. corresponding to a different but similar mass. The precise solution conflrms the

- conclusions drawn in Section 2 on the basls of an approximate consideration of the
. problem. Another approach to solution of the problem of stabllity is based on the"

 work of Barenblatt and Zel'dovich (pokl. AN SSSR, 118, 671, 1958); this also re~ |
“mains in force when the general theory of relativity is taken into account., Sec- :

" tion 5 discusses the reasons for the sma f the adiabatic Indices leading to:
. instability; nuclear processes are classi i {librium and slow) and
i evolutionary. Section 6 gives a qualitative discussion of the change introduced |
I by the general theory of relativity (the problem to this point had been considered]
' on the basis of the Newtonian theory). ''The author thanks N« A. pmitriyev for the:
" concepts -used in this study, A. Ge Masevich, De A. Frank-Kamenetskiy and other :
. colleagues at the Tartu summer school for discussions, and Ge A. Pinayeva for ;
. assistance in finalizing the study''s Orige. arte has: 18 formulas and 3 figures. !

- ASSOCIATION: ASTRONOMICHESKIY SOVET AN SSSR (Astronomical Council,AN 5SSR)
Cord 2/3 ... S
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AUTHOR: Zel'dovich, Ya. Be

' SOURCE: AN SSSR, Astronomicheskiy sovet, Voprosy* kobemog‘onii '(Pro.blemsroﬂ
_'cosmogony), v. 9, 1963, 232-239 : _ A

'AGCESSION NR: AT4019695 8/2555/63/009/000/0232/0239 C

| "TITLE: The prestellar evolution of matter ‘ , -

i - TOPIC TAGS: astrophysics, cosmogony, astronomy, nuclear process, neutrino,
. lepton, entropy, prestellar matter, barion, antineutrino -

.

P ABSTRACT: A study was made of ,thé stages in the éipansion of matter and of thoge

nuclear processes which occur at these early stages. One of the basic problems
discussed is whether or not the concept of the expansion of matter of infinite
density is compatible with the general concepts concerning the composition of
prestellar matter, and especially the predominanca of hydrogen in this matter, In
investigating this problem the author considers four variants: first, the zero
initial entropy and gero lepton charges; second, the high initial entropy, with

‘ -lepton charges equal to garo; thixd, the zero entxopy with a negative leptom
charge; -finally, the zero entropy with a po

sitive lepton charge. The latter model

APPROVED FOR RELEASE: 03/15/2001
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ACCESSION NR: ~AT4019695
- ° . . . . . .
.18 considered correct and the on}y one of the variants possible. Zerc initial
. 7 “entxopy and a lepton charge+ 2 (per barion) leads to prestellar matter consisting
. of pure hydrogen., With the present day mean density of nucleons of 10-30 g/cm3,
" the neutrino density is 6+10-7.cm-3, their Fermi energy is 10-6ev, and the density
" 'of the mass of neutrinos is 10-39 glcm3 The hypothesis that the initial matter
for the stellar stage of evolution was pure cold,hydrogen is in full agreement
with present-day astrophysical concepts. Tha basic-conclusions of this article '
‘have been published earlier by the author (Atomnaya enargiya, llo, 92, 1963;
. \ZhETF, 43, 1561, 1962), Orig. art. has: 4 formulas. -

" | ASSOCTATTON: Aatromtcbeakty sovet AN SSSR (Aacronomy Council AN 5SSR)

 SUBMITTED: ossepsz . -DATE AcQ: mmst. . BNCL:00

" SUB GODE: AA - | | O REP SOV: 005 e _."'_-.omam 007 e
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ACCESSION NR: ATHOI9696: 5/2555/63/009/000/0240/0253
© " AUTHOR:  Zel'dovich, Ya. B.’ 3 A
- TITLE: Fé?&ggiohvof'Stars~ahd'gélaxies in the expaﬁding universe

. SOURCE: AN SSSR. Astronomicheskly sovet. Voprosy¥ kosmogonii (Problems of
. cosmogony), Ve« 9, 1963,. 240-253 R ,

“TOPIC TAGS: éstronomy;,astrophys}cs, star formatton, gravi

o : tational Instability,
’ universe,”expanding'universe.:star, galaxy i. : o :

f

' :ABSTRACT:' The theory of gravitational instability in a expanding universe is re=
viewed.. The assumption that univarsal gravitation
ping of matter is discussed, beginning w

gpreséntlyvqbserved;grou
. Jeans theory. Primary attention.iS'givenvto-the wo

" ' problem, who developed: the theory: by Introduction o
~ty. In this paper the author attempts to demonstra
~ . in the expansion of matter there was a phase transition} '
. study attempts to substantiate this hypothesis. However, as indjcated by a note

. added during proofing, the author himself no longer supports the thesis he ad=
“vanced at the Tartu- seminar In July 1962; the difficulties poin
alnal paper have slnce been.found;stlll more insuperable than t
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“initially. hxs hypothesis that lnltlal fluctuations of density are due to cavita-;‘-
i tlon and evaporation of the unliform cold matter of the prestellar medium now seems !
. improbable; he suggests an investigation of thermodynamic fluctuations at densities.
' far greater than nuclear. The printed article is nevertheless of merit because it -
" [is an analysis of the concepts of Jeans, Lafshlts and Bonnor. Orig. art. has: 1

:formula. - i _ ‘ o ?

' ;Assocmnou' Astronomicheskiy sovet. AN SSSR (Astronomtcax councn AN sssa) : —‘
suammso- gsepb2 DATE A 12Mar61+ 7 ENCL: 00" -
- sus cooes AsT T gy REF sov., 007 | éfueg: 009 - .
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ZEL'DOVICH, Ya.B.

T )
Loss of mass of supergiant stars by peutrino emlssion: As?ron.
tolr, no. 250:1-5 J1 '63. . (MIRA 17:5)

1. Otdeleniye priklednoy matemtiki AN SSSR.
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" 5/089 63/014/001/009/015
B102 B186

" AUTHOR: . " zeltdovich, Ya. B.
X ’ &

TITLE: The initial sfdgesriﬂ the development of the universe
PERIODICAL: - Atomnaja enéfgiya; v. 14,'no. 1'.1963 92-99

‘. TEXT: 'The problems arising when one considers the developmert of the

: expanding universe according to the theories of Landau (Dokl. AN SSSR,

- .17, 301, 1937), of Gamow (Rev.Mod.Phys., 21, 367, .1949) and of Alpher and . N
Herman {Rev. lod. Phys., 22, 153, 1950; Ann, Rev. Nuel. Sei., 2, 1, 1953) v -
are discussed, If, as Landau agssumed, the inltiasl state of matter was a o
cold neutron mass, it necessarily follows that on. expansion this neutron

mags is transformed into a tritium - heliuym mixture practically free from
hydrogen. .This completely contradicits:the scientifically founded. :
agsumption about the state of matter prior to the Yormation of the stars.:

The Gamow theory, according to which the original matter was so hot that.

the radlation density exceeded the nucleon density by several orders of
magnltude, also encounters certain difficulties when processes taking )

place in hot matter are considered. A theory of prestellar development - -

4 cara 1/3
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" The initlal stages in the .a. B102/B186
. 1
" must not only explaln the fOrmatlon of a matter whlch should have
_ . oonaisted of at least 90% hydrogen, but must also yield a definite
“- distribution of the energy in various forms. According to the Gamow
theory the present radiation densiiy must still exceed the densxtj of
matter by an order of magnitude if the data on the age of the universe * - T
are to agree. Here, then, a new hypothesis on the primordial matter is b/' v
briefly outlined. It is assumed that the primordial matter consisted of :
a cold mixture of protons, electrons and neutrinos in gqual numbers. In
this matter all states with E<,E i of neutrinos are occupied. At high

.. densities the neutrinos stablllze the protons, at low densities they are
" gtable by themselves. The primordial medium is agsumed %o be homogeneous
i . 8o that no possibility exists for the neuirinos o escape. If the proton )

vedensity is 10 g/cm (that is 6'1057 protons/cm3
e' and u per.cm ) the Fermi energy of the electrons equals 400 Mev and

with equal numbers of

that of the -neutriros 500 Mev. A- neutron formation is excluded. At still
higher dengities processes like v -5e & *MJ‘1 or hyperon formatlon are

possible. The ratios are always such that, if during the coursge of

_Card 2/3
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The initial atages in the ... E B102/B1686 : e

i expansion the stage of nuclear density is passed through the uniform
' p, ev, Ve distribution continues to prevail. -For the formation of stars

the firotl element available ig pure hydrogen; - other elements are formed

in the course of the stars' -formation. | The neutrino Fermi energy has

during the expansion of the universe degreaged up to the present time s
now proportionally to \9 ¢ and i8°2v107° ev, A final decision about I A
-whether the Gamow hypothesis or the one proposed here is true would be o
- -possible if the heliup density in the 0ld stars and the intergalactic
~ radiation density weré known. Co : ) o

SUBMITTED: - October 6, 1962 - -~ = . _ . 8 .

o -
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ZELDOVICI, I.B. [Zel'dovich, Ya, 5.]

N

Problems ‘of modern physics a.nd aatronomy. Analele mat 17
no, 3:57-91 J1=8 163.- :
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Developmént of perturbations of arbitrary form in & homogenmous
medium with low pressure. Astron. szhur. 40 no.5:807-811 S-0 '63,
. . (MIRA 16:11)
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© T GADITMAN, O.M.; TRGCHIKO, Vok; ELDOVION, Ya

Nommetallic nickel under high pressures. Zhur. eksp, i teor. fiz,
44 10,13386=387 Ja 163, (MIRA 16:5)

(Hiokel) ~ (High-pressurc research)
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DMITRIYEV, N.A.; LZEL'DOVICH, Ya.B.
Energy of -random motion in the expanding universe. Zhur, eksp,
1 teor. fiz. 45 no.4:1150-1155 O 163, (MIRA 16:11)
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EL'DOVICH Ya B,
A A, Fridman's theory of the expanding univeraa. Usp, fiz, naux
80 no,31357-390 J1 163, (MIRA 16:9)
(Coamology) (Fridman, Aleksandr Alekaandrovich, 1888-1925)
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ALTH Lz £."15ViZk, Ya. B, Acalemicien) </
. \ ’ o
TITLE: Igniticn®theory

SOURCE: Ax S83R. Dokledy, v. 150, no. 2, 1963, 283-265

TOPIC TAGS: ignition theory, thermal explosion, hot wall ignition
. ABSTRACT! The following three 'eaisms_;—,alje:nggstgigrégriﬁb%ﬁékéfpiécé in & com=
bustible mixture™ ontefned {n sel vhose walls have a bigher temperature (Te)
then the combustible (’1‘0)(r1 and 1, are the eriticel resdif of the vessel for the
regimes specified). 1) whep r < ry, the initial temperature of tpe combustible
e¢Xxceeds the wall temperature only slightly. 2) When Iy €T <r,, the entire
combustible mixture is ignited by thermal explosion and a maximur temperature ig
attained in the entire vessel. 3) When r » T, the ceombustible is ignited by the
vell end & temperature meximm 1is ettained in the vicinity of the wail, wvith the

center of the combustibie mi{xture being heated subsequently by the propegating
fieme., The following equation vas derived for determining the mintmm coite-
redfus Tor (3},

“fLviTa.
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ACCE3SION Xm: AP 300522

The formuls shows that' T, 1s dependent on the initial temperature of the mixture,
The constant k could not pe determined within the considered approximation and

can have different values depending on the vessel geometry ( ¢ylindrical, spheri-
cal, or flat), However, 1t may be gssumed that the formula yields useful results

vhen k = 2.5 and 5. 5> 1. The formula ‘-’i = «902/21: vas derived for the induction
period in the ignition by hot walls, "I taxe advantage of this opportunity to

eXpress Ty thanXs to T, T, Du":ox-itsxi;r, ¥aC Lrought ke given question to =y
evtention, and ¢ auihors A. G, Merzhenov, Y. G. Abremov, ané Y. T, Gontkovsiaya
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" |/ TITLE: On tho comhustdon rato of powdor undor variablo pragsuro

! SOURGE: Zhurpal pri,kladnoy nekhaniki 1 tekhnicheskoy fiziki, 00, 3, 1964, .

‘TOPIG TAGS 1 oombustipn rate, powder, stead;y state combustion, pressure ratio, :
- extinetion, epontaneoqs combustion . ;

2 et Ay e

" ABSTRACT: The combustion rate of powders under high-speed or low-speed pressure °

changes was studied analytically, and the results wore compared with existing -
i experimental data. -Parametric equations are given for steady state combustion i
ma a function of preaaure p and temperature gradient ¢ ~uo==ulp % (u To)] . . t

U R - : pe v.véuc(p.To) *-' y
- 1' Under high-spood prosaure ohnngea theeo equations appear in- the form u(p, ¢) Bl
. i Taking tho total dix‘fox_'ent:lnln of thle.above equations and using the donigmtiona Lo
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V::—%( ) 3T—np)r. : ; ) . = ‘ | ; | ‘ t

o= ), = RS, ' ' GRS

SR ] I RN ’ an expreasion ia derived for rate of ohange of eom- ‘-;

P bustion with p, or _ au 3 e | Dl %

Furthermore, for a oombuntion rule given b;r u= ulp , the 1"1*'161-%0-1'1:1&1 ! | -: i

© 1| pressure ratio during the combustion is expressed as a function of 8, initial T
G , temperatm'a Ty, and carburation temperaturo o o i
i ~ PRY "t‘ TR
o : ( ) = g )ca(r,.r.; 1 S

L | The above results are then represented graphically, They include: 1) temperature
;71| distribution on the powder surface T versus x; 2) u(T ) and ¢ ('1‘ ) under oonstant

}
pressure, corresponding to steady state combustion; and 3) u as. a function of ¢ 5

er a given preaam'e.‘ In thia latter emmple (aee P.*.g. 1 on the Enolosura)

*h %1-9-»'“ e rﬁ‘dﬂwquﬁh,m.n,“,,a e

T
L M!uvtaub'
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